Abstract. Flame fusion preparation of LYSO: Ce single crystal need excellent mobility raw powder of high purity. The solid phase synthesis of LYSO:Ce single crystal powder of high quality is prepared. After removal of moisture, weighing and grinding, the original high purity powder sintering experiments are conducted under 1100 ℃, 1200 ℃, 1300℃ , 1400 ℃ and1500 ℃ respectively. The SEM analysis and XRD results showed that it can obtain high purity powder with good fluidity at 1400℃ and 1500℃ conditions.
Introduction
Because of its high light yield (~30000ph/MeV) and energy resolution (~10%) and the delay time of fast (~40ns), Cerium doped lutetium yttrium oxyorthosilicate single crystal (LYSO:Ce) single crystal has become the most valuable materials of the field of nuclear medicine imaging, high-energy physics experiment [1~4] . As everyone knows, the basic requirements for the crystal growth of powder is high purity, small particle size and good liquidity while the flame fusion growth of LYSO:Ce crystal. But the synthesis power of lutetium yttrium oxyorthosilicate (LYSO:Ce) single crystal includes many components about difference density and so, to meet the requirements of the synthesis of the powder is relatively difficult. One of the main factors is that to control the synthesis temperature. This paper will use the solid phase synthesis method to preparation powder for flame fusion growth of LYSO:Ce single crystal.
Preparation for Experiment
The purity of raw materials used is 99.99% of high purity Lu 2 O 3 , Y 2 O 3 , SiO 2 and CeNO 3 . In the composition of raw material, in order to avoid the disadvantages of quadrivalence cerium reduction, this experiment chooses the trivalent cerium -CeNO3.
In order to remove moisture, the raw materials are preheated in the crucible respectively for 700 hours and kept for 8 hours. According to the calculation of molar ratio of raw materials, the quality percentage is 80.39% for Lu 2 O 3 , 5.07% for Y 2 O 3 , 13.56% for SiO 2 , 0.98% for CeNO 3 . After weighing precisely, all power is mixed in a mortar and grinded, then to prepared for sintering.
Experiment and Analysis
The powders are sintered at 1100℃, 1200℃, 1300℃, 1400℃and 1500℃ respectively for eight hours. The scanning electron microscopy (SEM) analysis is used to analysis Ingredients and X-ray diffraction analysis (XRD) is used to analyze the phase [5] [6] [7] [8] [9] .
SEM analysis As shown in Figure 1 -5 respectively under the SEM for LYSO:Ce powder after eight hours at 1100℃, 1200℃, 1300℃, 1400℃ and 1500℃, it can be seen from the figures, Fist, when the powder is sinteringed in the solid phase synthesis of 1100℃, the reaction takes place only in a small amount of powder. Most of the powder is still in the reunion state. Second, when the synthesis temperature increases to 1200 degrees, most of the powder began to react, nucleate and growth. Combined with phase analysis, there has been no raw material powder composition. Third, when the synthesis temperature increases to 1300℃, powder sintering gradually and be shaped. The forth, when the temperature is to 1400 DEG, powder has been nucleation and growth which can be observed in the neck phenomenon. Combined with phase analysis, we can deduce 1400 degrees in the synthesis temperature, can be used to prepared pure LYSO:Ce powder. The last, to further improve the synthesis temperature reach 1500 degrees, the grains grow further, and sinter together, meanwhile, the flowability of the powders is greatly improved from macroscopic observation. 
XRD analysis
In order to examine whether other phases exist in the crystal, we make LYSO:Ce powder synthesized at 1100℃, 1200℃, 1300℃, 1400℃ and 1500℃ to solid phase analysis by XRD detection. The results are shown in figures 6-10. It can be seen from the figures: First, when the powder at 1100℃ condition, in a large part of lutetium oxide powder has no solid phase reaction, and only a small amount of LYSO:Ce phase has been detected by phase detection. IT is proved that the reaction temperature is too low. Second, when the powder at 1200℃ or 1300℃ condition, pyrosilicate phase appears, and with the increase of reaction temperature, pyrosilicate phase gradually reduced. Third, when the synthesis temperature is to 1400℃ and 1500℃, pyrosilicate phase gradually disappeared, pure LYSO:Ce phase has been synthesized.. It can be seen from the figure11, the lyso diffraction contrast of LYSO: Ce with LSO: Ce maps , the peaks left shift with a certain degree, and this is due to the incorporation of the yttrium. According to the Prague equation:
 , because the greater atomic radius of yttrium (2.27 Å) than the atomic radius of lutetium (2.25 Å), d value increases after the incorporation of yttrium and theta value decreases, which result in the diffraction peaks of LYSO: Ce left shift in some degree.
Conclusion
The SEM and XRD phase analysis for solid phase synthesis of LYSO: Ce powder is done and solid phase synthesis at 1400℃ can be prepared with high purity LYSO: Ce powder with the increase of powder synthesis temperature, we also can improve the macro liquidity powder. But the temperature is recommended below 1500℃, so as not to affect the other key factors like powder fluidity. 
